cleic acids by gel filtration, the complex formed crystals
). We could, however, build site (position ϩ1) (Figures 2A and 2D ). The nucleic acids and refine an atomic model for the complete pol II at are not involved in crystal packing, and their location is 3.8 Å resolution with the help of a new crystal structure thus determined by interactions with the polymerase, of the free polymerase subcomplex Rpb4/7. These providing an unbiased view of the elongation complex. structures will be described in detail elsewhere (K.-J.A., Although all nucleic acids of a natural elongation com-S. Mitterweger, A. Meinhart, and P.C., unpublished plex are present in our crystals, only selected regions data). When the refined complete pol II structure was are bound by the polymerase and thus visible in the used for phasing, the nucleic acid density improved electron density. DNA entering the cleft is highly mobile dramatically ( Figure 2D ). Backbone phosphate groups but is bound for strand separation closer to the active and individual nucleotides were resolved, but the idensite ( Figure 2D ). Downstream DNA runs along the Rpb1-tity of the nucleotides was not revealed at this resolution.
face of the cleft (Figure 1) . Upstream of the point of DNA We therefore introduced 5-bromouracil in the DNA temstrand separation, the DNA template strand positions a plate strand and located the bromine atom at position base in the active site that directs RNA synthesis. The Ϫ4 in an anomalous difference Fourier map, defining DNA-RNA hybrid forms numerous polymerase contacts, the register of nucleic acids ( Figure 2B , not observed, and they do not contribute significantly plate strand away from the duplex axis, and by three negatively charged residues in switch 1 that repel the to elongation complex stability.
DNA strand (E1403, E1404, and E1407) ( Figure 3A) . Thus, an enzyme-induced distortion and destabilization of the DNA Unwinding incoming DNA duplex may drive strand unwinding. In In contrast to previous structures of pol II-nucleic acid addition, the polymerase fork loop 2 sterically blocks complexes, seven base pairs of downstream DNA are duplex binding, interferes with the nontemplate strand observed from positions ϩ3 to ϩ9 (Figures 1 and 2) . The observed conformation of downstream DNA sugutes to elongation complex stability (Nudler, 1999) . The contacts to the separating strands were not observed gests how the template strand is removed from the nontemplate strand before the active site. DNA from regisin the tailed-template structure (Gnatt et al., 2001 ), apparently due to formation of an overextended hybrid. ters ϩ5 to ϩ9 is essentially in canonical B form, but the template strand deviates from this conformation from Lack of these contacts explains the negative effect of an overextended hybrid on elongation complex stability positions ϩ2 to ϩ4 ( Figure 3A ). This deviation is apparently achieved by three positively charged residues in (Kireeva et al., 2000a). In principle, it is possible that the design of the nucleic switch 2 (R326, K330, and R337), which "pull" the tem- did not include nucleic acids. We therefore investigated what effect TFIIS binding has on the elongation complex structure. We soaked pol II-bubble-RNA complex crystals with a TFIIS variant that is inactive in RNA cleavage stimulation, because acidic hairpin residues D290 and E291 were mutated to alanine. For phasing, we refined an atomic model of the pol II-TFIIS complex by using the complete pol II structure and previous data to 3.8 Å resolution (Table 1 , Experimental Procedures). The resulting unbiased difference density in the pol II-bubble-RNA-TFIIS complex was noisy but allowed modeling of four base pairs of the DNA-RNA hybrid (positions Ϫ1 to Ϫ4, Figure 6 ).
TFIIS induces an unexpected shift of the RNA strand with phosphate groups moving up to 4 Å (Figure 6 ). This realignment of the RNA in the active site may allow for an optimized inline attack of the scissile phosphodiester bond by a nucleophilic water molecule during RNA cleavage. Analysis of distances in the refined pol II-TFIIS structure further shows that the acidic residue D290 in the TFIIS hairpin could directly contact and activate a nucleophilic water molecule in cooperation with a metal ion. TFIIS does not simply reposition the DNA-RNA hybrid as a rigid body, but its exact conformation is not 
